(Communicated by Yasuji KATSUKI, M. J. A., Sept. 12, 1984) Coated vesicles (CVs) have been suggested in presynaptic terminals to function as a shuttle for reutlizing synaptic vesicle (SV) membrane (recycling hypothesis of SV membrane).3~ '8> Examining the protein composition and protein kinase activities of three separate synaptic membrane fractions, the present report attempted to clarify the biochemical details of the conversion processes of the CVs to the SVs.
Materials and methods. A fraction of synaptic plasma membrane (SPM) was prepared by the method of Cotman and Matthews.1 The fractions of CVs and SVs were obtained from bovine brain synaptosomes.J~ '6~ The component proteins and protein kinases of each of the three synaptic membrane fractions were analyzed by sodium dodecylsulfate polyacrylamide gel electrophoresis and auto radiagraphy.4~
The reaction mixture for a protein kinase assay contained the followings; each of the fractions (50-100 pg in protein), 50 mM Tris-HC1 buffer (pH 7.5), 5.0 mM MgC12, and [y-32P]-ATP (6 nmoles ; 3 x 107 cpm) with or without the modulators for protein kinases in a final volume of 100-200 pl. The reaction was continued for 10 min at 37°C. Modulators tested for protein kinases were cyclic AMP (100 pM) and Ca2+ plus calmodulin (CaM) (10 pM ; 20 pg).
Results. A protein with a molecular weight (MW) of 52,000, termed C-52, was found to be commonly distributed throughout the three synaptic membrane fractions (Fig. 1A) . The polypeptide, C-52, was phosphorylated in all the three fractions in a medium containing neither cyclic AMP nor Ca2 plus CaM (Fig. 1B: a1, b1, and c1; a horizontal bar on the right side). This kinase, common to all, seemed to agree with a casein kinase found to be present in CVs.4> Except the C-52 and the casein kinase, the three fractions differed in component protein pattern from each other (Fig. 1A) . The SPM was rich in three proteins with MWs of 230,000, 65,000, and 45,000 (Fig. 1A, a) . These proteins were deficient in the CVs which were characterized by the proteins with MWs of 180,000 (clathrin),1°) 36,000 and 33,000 (clathrin light chains),') and 48,000 (C-48)4) (Fig.  1A, b) . These four proteins were not found in the SVs which were abundant in the proteins with MWs of 69,000 and 39,000 (S-69 and S-39) (Fig. 1A, c) .
The autoradiographs showed that the three synaptic membrane fractions included different phosphoproteins (Fig. 1B) . The SPM contained a protein of 72,000 MW which was phosphorylated by a cyclic AMP-dependent protein kinase (Fig. 1B, a2) . The CVs were associated with the C-48 which was phosphorylated by the casein kinase commonly distributed in all the three fractions to phosphorylate C-52 (Fig. 1B: b1, arrow; a1 and c1, horizontal bar) . The SVs included a Ca2+ plus CaM-dependent protein kinase and its substrate protein (S-39) (Fig. 1B, c3; arrowhead) .
Discussion. The proteinaceous coat structure of CVs is postulated to act as a molecular sieve that selects specific proteins and lipids to be internalized.11) Coated pits are characterized by a low content of cholesterol relative to the cell surface membrane.° Intracellular vesicles produced by receptor mediated endocytosis are shown to be different in protein composition and cholesterol content from the plasma membarne.2~ Taken these previous findings together with the present data, a supposition favorable for the recycling hypothesis of SV membrane would be as follows : The CVs bud off from terminal surface membrane by the exclusion of some proteins and cyclic AMP-dependent protein kinase with its substrate protein of 72,000 MW whilst by the concentration of the C-48 protein and the coat proteins consisting of clathrin and clathrin light chains ; and subsequently the CVs might convert to SVs by the depletion (decocting) of the coat proteins and C-48. An important question concerning the SV membrane recycling, however, is whether the sites of the membrane internalized by the CVs are suitably differentiated relative to the remainder of the synaptolemma for the future conversion to SVs. A casein kinase and its substrate protein (C-52) have been detected in the present study in all the synaptic membrane fractions.
These two common proteins might correspond to the intramembranous particles revealed by a freeze-fracture study both in coated pits and in SVs.8 However, a discrepancy which comes arise is that the SVs are distinguished from the CVs or the SPM in the enrichment of a protein of 69,000 MW (S-69) and a Ca2+ plus CaM-dependent protein kinase and its substrate protein of 39,000 MW (S-39) (Fig. 1A, c and 1B, c3) . One possible explanation for the difference could be that the core structure of the CVs accommodates these three proteins at any steps during the conversion of the CVs to the SVs. An alternative explanation might be that the CVs neither selectively internalize these proteins nor convert to SVs. Although detailed studies await origin of these proteins in the SVs and quantification of them in the CVs and SPM, the present experiments afford a preliminary statement on one of the prerequisites for substantiating the conversion of the CVs to the SVs following the recycling hypothesis; the acquisition by the CVs of a certain amount of the proteins, characterizing the SVs, including S-69, the Ca2+ plus CaM-dependent protein kinase, and its substrate protein (S-39).
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